



The manoeuvres of the upper limb tension test 
(UL TT) were described by Elvey (1983 and 1985) 
to identify the presence of a brachial plexus 
component in upper arm pain. A pilot study was 
undertaken to examine strain at the subclavian 
artery during the ULTT in two embalmed 
cadavers. Photographs of the artery segments 
were obtained at each step of the test and from 
these, strain scores were calculated. Results 
show that limb manoeuvres conducted with 
cervical contralateral lateral flexion produced 
more strain than with ipsilateral lateral flexion. 
Since cervical contralateral lateral flexion 
appears capable of increasing strain at the 
subclavian artery, further studies comparing 
strain atthe artery with strain at cervical nerves 
are indicated. 
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ORIGINAL ARTICLE 
Strain at the subclavian 
artery during the upper 
limb tension test 
UPper quadrant dysfunction may manifest as pain in the neck, 
upper limb, shoulder or chest or 
as headache (Bogduk: 1988). In 
detecting the origin of such pain, the 
clinician is faced with the problem of 
differential diagnosis. 
The Upper Limb Tension Test 
(UL TT) is used by clinicians to 
identifY signs of adverse brachial plexus 
and related neuromeningeal tissue 
tension in patients with upper limb 
pain (Elvey 1988). The UL TT has 
been shown to be discriminatively valid 
in distinguishing between patients with 
a high probability of a brachial plexus 
involvement to their shoulder pain 
(cardiac surgery group) from those 
with a low probability (athletes) when 
used to determine the origin of that 
pain (Selvaratnam et alI994). 
The test was first described by Elvey 
(1980 and 1983) and comprised the 
following steps: passive shoulder girdle 
depression, glenohumeral abduction 
behind the coronal plane, 
glenohumeral external rotation, elbow 
extension, forearm supination and 
wrist extension. All these manoeuvres 
are performed to the point of pain 
onset. Elvey (1983) added cervical 
ipsilateral lateral flexion (ILF) and 
contralateral lateral flexion (CLF) in 
order to distinguish the brachial plexus 
involvement in shoulder and upper 
limb pain, £rom local structures. 
On the basis of observations in 
cadavers at post-mortem,Elvey (1983 
and 1986) suggested that the roots of 
the brachial plexus (C5,C6) are most 
likely to experience tension during the 
test. This proposal has been supported 
by Selvaratnam and co-workers (1988) 
who evaluated the strain at the C5-Tl 
roots of the brachial plexus in five 
post-mortem cadavers. Analysis 
showed that when limb manoeuvres of 
the UL TT were conducted with CLF, 
they produced more strain than with 
ILF. The greatest difference in strain 
between CLF and ILF was at the C5 
root followed by C6,C7,C8 and Tl. 
Other investigators have performed 
the UL TT in cadavers to examine 
tension changes in the cords of the 
brachial plexus with tension developed 
in surrounding structures (Ginn 1988, 
Reid 1987). Buckle force transducers 
were used in these experiments. 
Results support the hypothesis that the 
lateral cord and therefore the C5,C6 
spinal nerves are placed under most 
tension during the UL TT. However, 
the main aim of these studies was to 
assess the value of particular steps of 
the test. Neither assessed tension in 
vascular structures. 
The effect of the UL TT on blood 
vessels has been considered by Elvey 
(1983). He suggested that because the 
UL TT does not affect the subclavian 
vessels, the test can be used to 
differentiate between neural and 
vascular symptoms (Elvey 1983). He 
stated that peripheral cyanosis, 
decreased skin temperature and loss of 
radial pulse are symptoms of vascular 
disease and should not be confused 
with pain arising from neuromeningeal 
or musculoskeletal structures (Elvey 
1985). 
In a later paper, the Same author 
evaluated movement of the subclavian 
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artery during the UL'IT (Elvey 1988). 
He exposed the brachial plexus and 
subclavian vessels in a post-mortem 
cadaver, and placed pins on bony, 
neural and vascular structures. He 
reported that movement and tension 
occurred in the subclavian artery and 
vein on shoulder girdle depression. 
During shoulder abduction with the 
shoulder girdle fixed, little movement 
occurred at C8 and Tl or in either the 
subclavian artery or vein (Elvey 1988). 
With respect to cervical manoeuvres of 
the UL'IT, he states that" .... when the 
shoulder girdle is fixed and the cervical 
spine is laterally flexed to the . 
contralateral side ... most movement IS 
observed in the roots from C4 to C7 
and little movement is observed at C8 
or Tl. Because of a lack of any direct 
anatomical attachment to the cervical 
spine no movement is observed in 
either the subclavian artery or vein" 
(p.14). 
Elvey's report (1988) was inadequate 
in several respects. Specifically, 
selected manoeuvres of the UL'IT 
were excluded, namely ILF, shoulder 
external rotation and wrist extension. 
The axial strain exerted by these steps 
may be important in producin~ ~train 
at the subclavian artery. In additIon, 
measurements were not referre3 to a 
fixed point and therefore the 
movement observed may have been 
apparent, not real. Alternatively, 
movement may have been relative to a 
structure that itself was moving, thus 
disguising real movement. Finally, 
Elvey (1988) did not provide . 
quantitative data in support of his 
observations. 
In summary, Elvey's (1985 and 1988) 
observations on the effect of the 
UL IT on neural tissue have been 
supported by others (~elvaratn~et al 
1989). However questIons remam 
about whether or not strain is 
produced at the subclavian artery by 
upper limb manoeuvres of the UL ~ 
and if there is a difference in that stram 
between CLF and ll..F. 
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The innervation of arteries 
That the subclavian artery might suffer 
strain during the UL'IT is of little 
consequence if the artery is not pai~ 
sensitive or sensitive to stretch. While 
there is no literature which directly 
examines longitudinal stretch of an 
artery and the type of symptoms t:ru.s 
stimulus could produce, a hypothesIs 
can be made by extrapolating from 
current mowledge of the 
mechanoreceptors and chemoreceptors 
which innervate arteries. 
Baroreceptors are mechanoreceptors, 
spray type nerve endings lying in the 
walls of almost every large artery of the 
neck and thorax (Guyton 1992). Also 
mown as pressure receptors, they are 
stimulated by changes in tension in the 
arterial wall which occur with either an 
increase or decrease in arterial blood 
pressure (Goldstein and Kopin 1992). 
Baroreceptors are extremely abundant 
in the walls of each internal carotid 
artery above the carotid bifurcation 
(carotid sinus) and the arch of the aorta 
(aortic sinus) (Ganong 1993). 
In humans, the carotid baroreceptors 
are more active in combating decreases 
in blood pressure than in buffering 
increases in pressure (Rea and Eckberg 
1987). When a decrease in arterial 
blood pressure occurs which stimulates 
these baroreceptors there is, via the 
CNS, reflex sympathetic release o~ 
norepinephrine which causes artenolar 
constriction (Kaplan 1990). 
The carotid and aortic arteries also 
posess chemoreceptors (a<;>rtic and 
carotid bodies) which act ill parallel 
with the baroreceptors (Guyton 1992). 
These bodies are stimulated by 
changes in arterial oxygen . 
concentration and markedly exCIted by 
bradykinin (Malliani et al1989). 
Arteries have in their endothelial cells 
multiple systems enabling them to . 
influence vascular tone, blood pressure 
and blood flow Oaff 1991). The neural 
pathways for these systems are the 
sympathetic fibres with afferent . 
discharge properties found throughout 
the general arterial systemic tree 
(Williams etal 1989). 
In some parts of the body these 
sympathetic afferent fibres have been 
associated with pain perception. For 
example, the sudden an~ sev:ere p:uu of 
acute myocardial infarctIon IS b~lieved 
to be due in part to the mechamcal 
stimulation of these nerves produced 
by extreme dilatation of the ~oron:uy 
artery proximal to the occlUSIOn, while 
the more chronic pain is probably due 
to chemical irritation of these same 
fibres by substances such as ~r~d~kinin 
(Malliani et al 1989). Brady~n IS a 
product of tissue damage and IS a 
vasodilator (Ganong 1993). 
Research examining the aetiology of 
migraine has demonstrated that ~e 
cerebral arteries are innervated WIth 
myelinated A-delta fibres or . 
unmyelinated C-fibres (MoskoWItz 
1984). A-delta fibres are mown to be 
associated with polymodal nociception 
while C-fibres transmit pain signals as 
well as manufacture and distribute 
Substance P (Goldstein and Kopin 
1992). Cerebral arteries, therefore, are 
sufficiently innervated to respond to 
chemical as well as mechanical stimuli. 
There is no research in the literature 
which has examined the innervation of 
the subclavian artery in the same 
manner as cerebral and coronary 
arteries have been analysed. 
Conceivably the subclavian artery does 
posess a similar sympathetic afferent 
nerve supply responsive to both 
mechanical and chemical stimuli. 
Methods 
Two embalmed cadavers, aged in the 
seventh decade, were used to examine 
the strain at the subclavian artery 
during the UL'IT. The cadavers had 
no visible degeneration that wo~d 
limit the testing procedure. PreVIOUS 
dissection had been carried out by 
dentistry students who had confined 
their study to the maxilla. The right 
upperJimb was ~ed in one 
cadaver (female) and ill the other 
(male) the left upper limb was 
examined. 
By removing skin, fat and. fascia the 
brachial plexus and subclaVIan artery 
were exposed in each cadaver. In 
addition, the clavicle and 
sternocleidomastoid were removed to 
allow a full view orthe subclavian 
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The left subclavian artery and brachial plexus exposed during a step of the ULn. 




Schematic representation of the left subclavian artery and brachial plexus showing 
segments 01,02,03 and 05. . 
artery. Following the dissection, a pin 
head was placed on the anterolateral 
margin of the sternal facet of the 
sternoclavicular joint (BL) (Figure 1). 
Plastic self locking cable ties were 
attached to the following landmarks: 
the first part of the subclavian artery 
(SAl); the third part of the subclavian 
artery, one proximal to the lateral 
border of scalenus anterior (SA2), and 
one distal, 5 millimetres proximal to 
the medial border of pectoralis rriinor 
(SAJ); the axillary .artery (AA) at the 
lateral border of pectoralis minor and 
the lateral cord oEthe brachial plexus 
(LC1 and LC2) (Figure 1). 
The distance between BL and SAl 
was termed D 1. The distance between 
SAl and SA2 was termed D2 and 
between SA2 and SAJ was D 3. The 
distance from LeI toLC2 was D 5. 
The cadavers were stabilised to 
prevent movement of the body except 
at the joints being examined. The 
apparatus for this procedure was 
designed by Selvaratnam. and co-
workers (1988 and 1994) for use in 
research with cadavers and subjects. 
Measurements of the UL TT were 
performed to the maximum available 
range in each cadaver from the initial 
position. This position was in the 
anatorriical position of the cervical 
spine with the shoulder girdle 
depressed, the glenohumeral 
joint abducted at 10 degrees behind 
the coronal plane, glenohumeral 
external rotation and the elbow 
flexed to 90 degrees with forearm 
supinated. 
One assistant then moved the neck 
and another the upper limb from the 
initial position through manoeuvres of 
the UL TT. These positions were: 
1. cervical spine ipsilateral lateral 
flexion (ILF) 
2. ILF and elbow extension (EE) 
3. ILF and EE and wrist extension 
(WE) 
The limb was returned to the initial 
position. 
4. cervical spine contralateral lateral 
flexion (CLF) 
5. CLFandEE 
6. CLF and EE and WE. 
At each step, the range of movement 
of the cervical spine, glenohumeral 
joint, elbow and wrist joints were 
recorded using the apparatus. Steps 1-6 
were conducted as Triall. To reduce 
potential series effects, the steps were 
repeated in counter-balance sequence: 
4, 5,6, 1,2, 3. These series of steps 
were conducted as Trial 2. Both trials 























CLFIEE D ILFIWE 
D5 
CLFIWE 
Strain at segments of the subclavian artery (01, 02, 03) and a segment of th~ brachial plexus (D5). 
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A Nikon F3 camera and Macro lens 
was mounted on a tripod, 
perpendicular to the coronal plane of 
the cadaver. The camera was centred 
O.7m from BL. Photographs of the 
subclavian artery and brachial plexus 
were obtained at each step. The 
changes in spatial location of the 
marked points were obtained from 
photographs using a compass divider. 
The distance between points of the 
divider was measured in centimetres. 
The initial length of the artery 
segments D1, D2 and D3 were 
examined with the cervical spine 
positioned in ILF and the upper limb 
in the initial position previously 
described. Any increase in length of 
these segments from the initial position 
during EE and WE was interpreted .as 
stretch. Similarly, with the cervical 
spine positioned in eLF and the upper 
limb in the start position, lengthening 
of the segments during EE and WE . 
was interpreted as stretch. 
The stretch at each artery segment 
was divided by the initial length of the 
segments. The initial length is the 
measurement with the cervical spine 
positioned in ILF and the arm in the 
initial position. Stretch per unit length 
was defined as strain. Strain scores 
were obtained for Dl, D2 and D3. 
·The same procedures were used to 
calculate strain at the lateral cord of 
the brachial plexus. 
Results 
Strain scores were calculated for D 1-
D 5 during the UL TT, for each 
cadaver. These scores were averaged 
for both cadavers and are presented in 
Table 1. 
Figure 3 shows a histogram of the 
averaged strain scores. The histogram 
compares CLF and ILF for D 1-D 5 
with the elbow extended and the wrist 
in neutral (CLFIEE, ILFIEE) and with 
the elbow and wrist extended (CLF/ 
WE, ILFIWE). Results can be 
considered in terms of the ability of 
CLF to produce strain at the 
subclavian artery, and the lateral cord 
·of the brachial plexus, the ability of EE 
and WE to produce strain, and the 
difference in strain between CLF and 
ILF. 
The histogram shows that there is a 
difference in strain between CLF and 
ILF at D 1 and D3. The difference was 
greatest for D3 from ILFIEE to CLF/ 
EE, followed by D 1 during the same 
manoeuvres. The proportional increase 
in strain from ILFIWE to CLFIWE 
was the same for both Dl and D3. 
Figure 3 illustrates that strain at D2 is 
produced by EE and WE with ILF. 
Strain was reduced with eLF and the 
same limb manoeuvres. This strain 
effect is the reverse of D 1 and D3. 
Finally, the histogram also shows that 
eLF produced greater strain than ILF 
at the nerve segment, D 5. The ability 
of CLF to produce this effect was 
greater at the nerve segment than at 
any segment of the artery. Also, while 
greater strain is produced at D5 with 
WE, this effect is not present at either 
DlorD3. . 
Discussion 
The results show that strain is 
produced in segments of the subclavian 
artery during the UL IT in embalmed 
cadavers. These results are in contrast 
to those published by Elvey (1988) 
who observed that cervical spine 
manoeuvres, specifically CLF, 
produced no movement of the 
subclavian artery during the UL IT. 
His investigations were based on visual 
observation of movement of the 
subclavian artery and did not include 
quantitative data. The design of this 
study provides a quantitative evaluation 
of s~etch of the subclavian artery 
dunng manoeuvres of the test. Analysis 
of these data demonstrates that steps of 
the UL IT produce strain at the 
subclavian artery. 
The strain at the subclavian artery 
produced by cervical manoeuvres with 
EE and WE has not previously been 
reported. eLF with EE alone or EE with 
WE increases strain at the fIrst and third 
parts of the artery. ILF reduces strain 
with the same upper limb manoeuvres. 
From: a c~~ viewpoint, this result may 
have ImplIcatIOns for a patient with a 
positive UL TT. Hence, in patients with 
a subclavian artery involvement, cervical 
?Ianoeuvres may alter the pain response 
ill the arm with EE, or EE with WE. 
Elvey (1988) reported that the 
subclavian artery had no direct 
anatomical attachment to the cervical 
spine and therefore would not be 
affected by cervical manoeuvres of the 
UL IT. It is hypothesised that cervical 
~anoeuvres may have produced strain 
ill this study due to the attachment of 
the vertebral artery to the cervical 
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spine. The vertebral artery arises from 
the first part of the subclavian artery 
(Williams et al 1989). The second part 
of the vertebral artery has direct 
contact with the cervical spine by 
passing through the transverse 
foraminae from C6-Cl. WhenCLF 
and ILF are performed during the 
~ IT, the vertebral artery will move 
WIth the cervical spine and stabilise the 
fIrst pa:-t of the subclavian artery where 
branching occurs. The upper limb 
manoeuvres apply axial strain or 
longitudinal stretch, to the third part 
of the subclavian artery. Therefore the 
attac!nnent~f the vertebral artery may 
prOVIde a POInt of stress concentration 
at ~e first part of the subclavian artery 
durIng manoeuvres of the UL IT. 
In these cadavers, the strain at the 
lateral cord of the brachial plexus was 
greater than at the first part of the 
subclavian artery during the UL IT. 
There are attachments of the cervical 
nerves which Sunderland (1978) states 
serve to protect the spinal nerve roots 
fr?m traction deformation during the 
WIde range of movements occurring at 
~~ cervical spine and glenohumeral 
JOInt. T~ese attach~ents are primarily 
responSIble for stram developing in the 
cords of the plexus during upper limb 
movement. For instance dural 
funnelling increases the ~xial stretch 
applied to the spinal nerve root by 
plugging the intervertebral foramen 
and further movement of the nerve 
laterally. The subclavian .artery does 
not have these anatomical features. 
Further comparison between nerve 
and artery can be made with data from 
studies using fresh cadavers. Strain 
scores for the subclavian artery in this 
study do not approach those calculated 
using post-mortem cadavers at the C5 
root of the brachial plexus by 
Selvaratnam et al (1989). However 
strain at the artery does compare with 
the strain scores of the lower trunk of 
the brachial plexus as determined by 
Selvaratnam and co-workers 
(Selvaratnam et al 1988). This 
information may have relevance to 
patients presenting with distal arm 
pain in a C8, Tl distribution which is 
reproduced during the UL IT. If the 
subclavian artery is capable of 
transmitting pain signals when placed 
under strain then this vascular 
structure could be a source of 
symptoms as well as the C8 and Tl 
nerves. The UL IT may not be able to 
differentiate neuromeningeal 
structures from vascular structures in 
the origin of distal arm pain. . 
Sunderland (1978) suggested that 
structures involved in thoracic outlet 
syndrome can be differentiated on the 
basis of presenting signs and . . 
symptoms. Elvey (1985) has stated that 
patients with vascular involvement will 
be readily differentiated by their 
presenting signs and symptoms. But 
does subclavian artery pathology only 
cause symptoms of pallor, decreased 
skin tempe~ature and pulse changes? If 
the subclaVIan artery became inflamed, 
for example, it might become sensitive 
to stretch via baroreceptors or 
chemoreceptors, and transmit pain 
~i~aJ.s which might be perceived by an 
IndiVIdual before the obvious signs of 
vascular pathology develop. 
Pain may not be the only symptom 
generated by the subclavian artery 
when placed under strain. Magee 
(1987) defines thoracic outlet 
~drome as ~ascularinsufficiency and 
mcludes heavmess, numbness and 
tingling among its symptoms. 
Describing tests designed to diagnose 
the syndrome, Magee (1987) states that 
palpation of the radial pulse before 
positioning the neck or upper limb is 
essential. Diminution or disappearance 
of the pulse during testing is positive 
for thoracic outlet syndrome. 
Occlusion of the subclavian artery in 
the thoracic outlet is responsible for 
the absence of the radial pulse. Tests 
.. 
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such as the Adson manoeuvre and 
Allen test (Magee 1987) use 
components of the UL IT to cause 
arterial occlusion, particularly 
glenohumeral abduction and external 
rotation. There is a possibility that, 
like the tests for thoracic outlet 
syndrome, the UL IT will narrow the 
lumen of the subclavian artery to the 
extent that the radial pulse is 
diminished or disappears. Therefore 
heaviness and paraesthesia may be 
provoked by the UL IT and the test 
may be positive: CLF increases 
symptoms while ILF reduces them. Yet 
the origin of the symptoms may be 
vascular rather than neuromeningeal. 
If the UL IT occludes the subclavian 
artery, a further consideration may be 
that the arterial baroreceptors would 
be stimulated. If these 
mechanoreceptors detect a rise in 
pressure they reduce their sympathetic 
output, which leads to reduced heart 
rate and arteriolar vasodilation 
(Goldstein and Kopin 1992). 
Symptoms associated with the 
circulatory system, such as dizziness 
due to reduced cerebral blood flow, 
may be affected by the UL IT if this 
hypothesis is correct. 
Results for D2 appear to be 
anomalous. If axial strain at the third 
part of the artery is imparted to the 
first, the second part of the subclavian 
artery must stretch as well. The 
method of measurement may have 
been responsible for this anomaly in 
results. For example, measurements 
were made from markers on either side 
of scalenus anterior which was kept 
intact. Posterior to scalenus anterior 
the subclavian artery describes an arch. 
The distance D2 includes the highest 
part of this arch. If the height of the 
arch increased during a test 
manoeuvre, the markers would 
approximate. Measuring the distance 
between the markers realizes a shorter 
distance compared with the initial .. 
length. However, measurement of the 
curved distance D2 would reveal an 
increased distance. The experimental 
situation may have measured an 
apparent shortening while in fact 
lengthening had occurred. 
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Conclusion 
The most important implication from 
this study is that if cervical manoeuvres 
produce a difference in strain at the 
subclavian artery, this could 
differentially stimulate arterial 
nociceptors in a patient with subclavian 
artery pathology. The pathology 
associated with stimulation of 
receptors by a test such as the UL IT 
has yet to be determined. Also, the 
receptors which would respond have 
not been clearly identified in the 
literature. However, the subclavian 
artery contains myelinated sympathetic 
fibres among its nerve supply, afferent 
fibres which may be nociceptive 
(Williams et al1989). Conceivably, 
subclavian artery pathology, such as 
inflammation associated with thoracic 
outlet syndrome (Sunderland 1978) 
might be sensitive to stretch 
stimulation without any other clinical 
signs being present. The hypothesis 
appears to warrant further 
investigation. 
The results of this study should be 
viewed with some caution given that 
the material examined was embalmed. 
Nevertheless the results appear to 
suggest that there is strain produced at 
the subclavian artery during the upper 
limb tension test. 
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